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COMPLETE SPECIFICATION 

Preparation of Mixed Glycerol Ester Compositions 



We, Eastman Kodak Company, a 
Company organized under the Laws of the 
State of New Tersey, United States of 
America, of 343* State Street, Rochester, 

5 New York, United States of America 
(assignee of Norris Deax Embrke and 
Gkokgk Vouxg Brokaw), do hereby declare 
the invention, for which we pray that a 
patent may be granted to us. and the method 

10 by which it is to be performed, to be par- 
ticularly described in and by the following 
statement : — 

This invention relates to a process for 
preparing mixed glyceride materials, and 

15 more particularly to a cyclic process for 
preparing compositions containing a sub- 
stantial amount of a mixed glycerol ester 
having at least one lower acyl radical and 
at least one higher acyl radical. 

20 The present mixed glycerol esters are 
"tailor -made" fatty materials Which have 
manv useful properties not found in natur- 
ally * occurring fatty materials. Mixed 
glycerol esters have many applications, both 

25 for food and non-food "uses. Specifically, 
mixed glycerol esters can be used as coat- 
ings for such food as hams, weiners, raisins 
and nuts to reduce dehydration and ran- 
cidity; and as plasticizers in such foods as 

30 margarine-like spreads and shortenings, in 
such cosmetics as hand creams and hair 
dressings, and in plastics such as polyvinyls, 
polyvinilidenes, and cellulose esters. Like- 
wise mixed glycerol esters have utility as 

35 lubricants ancf release agents. Other uses 
include coatings for medicinal-containing 
pills and tablets, components in supposi- 
tories, components in emulsions for intra- 
venous injections, and special dietary fats. 

40 Tt is accordingly desirable to have a simple 
process adaptable to the commercial prepar- 
ation of such "tailor-made" materials. 

An object of this invention is to pro- 
vide a evelic process suitable for preparing 

45 •'•tajlpr-made" fattv compositions containing 



substantial amount of mixed fatty glycerol 
esters. 

According to the present invention, which 
is an improvement in or modification of the _ 
process claimed in Claim 1 of British Patent 50 
No. 745.566. mixed glycerol ester composi- 
tions are prepared by reacting a higher 
acylated triglyceride and a hydroxy 1 radical- 
containing reactant comprised of, (1) gly- 
cerine with a lower acylated triglyceride, or, 55 
(2) a lower acylated glycerol partial ester 
comprising glycerine and a mixture of lower 
acylated glycerine, in the presence of a basic 
transesterification catalyst, and the resulting 
reaction mixture is thereafter subjected to 60 
vacuum distillation effective to separate 
therefrom remaining portions of the 
hydroxy! radical-containing reactant. the 
residue' resulting from the iirst distillation 
is subjected to thin film vacuum distention 65 
effective to separate therefrom a composi- 
tion containing a substantial amount of a 
• mixed glycerol ester having at least one 
lower acyl radical and at least one higher 
acyl radical, the resulting second distillation 70 
residue and the separated remaining por- 
tions of the hydroxyl radical-containing 
reactant are combined with additional por- 
tions of make-up composition comprised of 
higher acylated triglyceride and the hy- 75 
droxyl radical-containing reactant.. and the 
above sequential steps repeated. 

The term "mixed glycerol ester'] used 
herein refers to glycerides containing at 
least one lower acyl radical and at least one 80 
higher acyl radical. 

The lower acyl radical comprising the 
lower acylated materials employed in the 
present process is any acyl radical having 
from two to six carbon atoms. Lower 85 
acylated materials having acetyl or btttyryl 
radicals are oreferred. 

Any higher acylated triglyceride contain- 
ing acyl radicals having at least eight carbon 
atoms, suitably from eight to twenty- four 90 
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carbon atoms, and desirably from twelve to 
twenty carbon atoms, can be employed, the 
straight chain fatty acid radicals being more 
generally utilized. Higher fatty triglycerides 
5 containing fat-forming tatty acids, such as 
the triglycerides of animal fats and veget- 
able oils, are preferably employed. The higher 
acylated triglycerides can be either hydro- 
genated or unhydrogenated. the degree of 

10 hydrogenation being a variant in determin- 
ing the physical properties of the mixed 
glycerol ester product. Examples of suit- 
able higher acylated triglycerides include, 
trilaurin, tripalmitin, triolein, trilinolein 

15 and tri stearin, and such naturally occurring 
triglycerides as are found in lard, beef 
tallow, cottonseed oil, soybean oil, peanut 
oil, coconut oil, and in other related fatty 
materials. The term "fat-forming fatty 

20 acid radical" used herein refers to higher 
acyl radicals derived from naturally occur- 
ring fats and oil, whether hydro genated or 
unhydrogenated. 

The make-up materials for the present 

25 reaction can be comprised of a higher acy- 
lated triglyceride, glycerine, and a lower 
acylated triglyceride containing acyl radicals 
having from two to six carbon atoms. Suit- 
able lower acylated triglycerides include 

30 triacetin, tripropionin, tributyrin. triiso- 
butvrin. trivalerin and tricaproin, with tri- 
acetin and tributyrin being preferably em- 
ployed. Such make-up materials can be fed 
into the reactor as a mixture, or as sepa- 

35 rate streams of higher acylated triglyceride, 
lower acylated triglyceride and glycerine. 
However', lower acylated triglycerides such 
as triacetin are relatively insoluble in gly- 
cerine. To facilitate the reaction, and to 

40 simplify feeding the reactor for continuous 
operation, a substantially single phase pre- 
mixture composition comprised of lower 
acylated glycerol partial ester is preferably 
employed in lieu of glycerine and lower 

45 acylated triglyceride as make-up materials. 
Such a premixture composition can be pre- 
pared for example, by reacting glycerine 
and a lower acylated triglyceride in the 
presence of an interest erification catalyst, or, 

50 by reacting glycerine and a lower acyl anhy- 
dride. A typical premixture composition 
contains the' partial esters monoacetin and 
diacetin, plus portions of triacetin and ghr- 
cerine. A further typical premixture com- 

55 position contains the partial esters mono- 
butyrin. and dibutyrin plus portions of tri- 
butyrin and glycerine. Either of these pre- 
mixtures is combined with a higher acylated 
triglyceride to comprise one form of the 

60 make-up materials employed in the present 
reaction. 

Tn accordance with this invention, the react- 
ants are subjected to a transesterincation re- 
action in the presence of a basis transesteri- 
€5 fication catalyst. The term "transesterinca- 



tion reaction" is a generic term which 
includes the alcoholysis and ester-ester in- 
terchange types of reaction. Any of the 
well-known basic transesterincation cata- 
lysts can be used including alkali and alka- 70 
line earth metals, hydrides, glyceroxides, 
hydroxides, and soaps, the bivalent alkaline 
earth metal hydroxides being preferably 
employed. Suitable basic transesterincation 
catalysts include sodium metal, sodium 75 
hydride, sodium and potassium glycerox- 
ides. sodium hydroxide, calcium hydroxide, 
strontium hydroxide, sodium stearate and 
similar well-known basis transesterincation 
catalysts. The amount of catalyst can be 80 
varied in accord n nee with usual transesteri- 
ncation practice, with amounts of from 
about 0.001% to about 1% and particu- 
larly from about 0.005% to about 0.1% by 
weight based on the total weight of the re- 85 
action mixture being preferably employed. 
The basic transesterincation catalyst is not 
substantially destroyed during the reaction 
and the successive distillations and recycles. 

The reaction is preferably effected at ele- 90 
vated temperatures of at least 180°C. and 
more generally higher than about 200°C. 
with temperatures in the range of 230°C 
to 260°C being eminently suitable.^ The 
reaction time is usually from about 1 5 min- 95 
utes to about 6 hours depending on the ratio 
of the reactants, concentration of catalyst, 
reaction temperature and similar variables 
affecting the speed of the reaction. The 
present cyclic reaction can be arranged so 100 
that fresh make-up materials and recycle 
materials are continuously fed into one por- 
tion of the reaction zone while reacted 
materials arc continuously withdrawn from 
another portion of the reaction zone. In 105 
such an arrangement the reaction period is 
merely the average time that given portions 
of the reactants remain in the reaction zone. 

Numerous reaction products result from 
the present reaction. However, these reac- 110 
tion products can be divided into distinct 
distillation group? which can be substan- 
tially separated by the present process. For 
example, a reaction between a higher acy- 
lated triglyceride such as tri stearin, glycer- 115 
ine and lower acylated glycerine such as tri- 
acetin results in numerous reaction products 
which can be divided into four main 
Groups, these Groups being substantially 
separable by vacuum distillation, and more 120 
particularly hv thin film vacuum distillation. 
Reaction products include : 
Group 1 
Glycerine 

Monoacetin 125 
Diacetin 
Triacetin 
Group 2 
Monostearin 

Monoaceto monostearin 130 
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Diaceto monostearin 

f.rKCH'P 3 

Distearin 

Monoaceio distearin 
5 GkOL'P 4 

Tri stearin. 

The actual number of compounds in the 
respective Groups is, of course, multiplied 
by ihe existence of space isomers of. the 

10 various compounds. The acetyl and stearyl 
radicals in the above Groups are merely 
illustrative of other lower and higher acyl 
radicals described herein. 

The components in Group 1 comprise the 

15 distillate resulting from the first distillation 
of the present process. Any suitable vacuum 
distillation means can be employed that will 
remove substantially all of the components 
in Group I from the other components of 

20 the reaction mixture without decomposition 
or discoloration of the reaction products, 
thin film vacuum distillation being particu- 
larly effective. As the lower acylated gly- 
cerines of Group 1 in general are extremely 

25 bitter materials, particularly such materials 
as triacetin and tributyrin, it is ordinarily 
the practice to remove these components 
when the separated mixed glycerol ester 
composition is used in food products. Suit- 

30 able distillation apparatus includes thin film 
high vacuum molecular stills of the centrifu- 
gal type, or of the falling film type, or other 
related thin him vacuum distillation appa- 
ratus operated in accordance with well- 

35 known vacuum distillation practice. 

The distillation residue resulting from 
the first distillation is comprised substan- 
tially of Group 2, Group 3 and Group 4 
components. This distillation residue is 

40 subjected to thin film vacuum distillation 
under conditions effective to distil there- 
from substantially all of the components in 
Group 2. the components of Group 3 and 
Groiip 4 comprising the distillation residue 

45 of this second distillation. 

The distillate resulting from the second 
distillation (the components of Group 2\ 
is a composition comprised of substantial 
amounts of mixed glycerol esters having a 
. 50 higher acyl radical, a lower acyl radical and 
a hydroxyl radical. Such compositions are 
commonly called "lower acylated mono- 
glvcerides. A typical Group 2 composition 
can be obtained by. reacting a 50% acylated 

55 glycerine premixture with fully hydro- 
genated lard at a ratio of about 4 parts of 
premixture to about one part of lard for 
about l-£ hours at 250°C. in the presence 
of a basic transesterification catalyst such 

60 at 0.08% calcium hydroxide. The compon- 
ents of "Group 1" can be removed from the 
resulting reaction mixture by thin film 
vacuum distillation at temperatures up to 
about 135°C. and at a pressure of about 15 
65 microns of mercury. The "acetylated 



monoglyceride" can be separated from the 
resulting first distillation residue by thin 
film vacuum distillation at temperatures^ up 
to about 185°C. and at a pressure of about 
15 microns of mercury. These conditions 70 
may be varied somewhat in accordance with 
well-known vacuum distillation practice. A 
major component in the resulting distilled 
product is a mixed glycerol ester having an 
acetyl radical, at fat-forming fatty acid 75 
radical, and a hydroxyl radical. The pre- 
pared "acetylated monoglyceride" is a soft, 
wax}'- solid at room temperature having a 
melting point of about 42°C.-44°C. Fur- 
ther, this product is non-greasy, has good 80 
flexibility in thin films, and is extremely 
resistant to oxidative rancidity. 

The distillation residue resulting from the 
second distillation (the components of 
Group 3 and Group 4), and the distillate 85. 
resulting from the first distillation (the com- 
ponents of Group 1), are recycled and com- 
bined with additional amounts of higher 
acylated triglyceride and hydroxyl radical- 
containing reactant make-up materials, and 90 
the above described sequential steps re- 
peated, to effect a cyclic process. In a con- 
tinuous process, recycle materials and make- 
up materials are continuously fed into the 
reaction zone. Likewise, the successive 95 
distillations are effected continuously in a 
continuous process. In the present process 
it is desirable to add additional and pre- 
determined amounts of make-up materials 
in amounts substantially equivalent to the 100 
amount of product removed. That is, the 
make-up materials and the mixed glycerol 
ester-containing product are comprised of 
substantially equal amounts of materials and 
substantially equal proportions of higher 105 
acyl radicals, lower acyl radicals and 
hydroxyl radicals. The catalyst is not in- 
activated prior to the successive distillations, 
accordingly, the distillations are made from 
active catalyst. The catalyst is re-cycled 110 
and utilized again. 

The present process can also be used to 
separate the Group 3 components from the 
original reaction mixture, Group 3 compon- 
ents being comprised of substantial amounts 115 
of a mixed glycerol ester having a lower 
acyl radical and two higher acyl radicals. 
This can be readily accomplished by subject- 
ing the distillation residue resulting from 
the second distillation to further thin film 120 
vacuum distillation effective to separate the 
Group 3 components ffom the Group 4 
component. Typical distillation conditions 
effective to distil Group 3 components from 
a composition resulting from the above- 125 
described reaction between a 50% acety- 
lated glycerine premixture and fully hydro- 
genated lard after the components of Group 
1 and Group 2 have been separated there- 
from are at temperatures up to about 220°C. 130 
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and at a pressure of about . 15 microns of 
mercury. As before, these conditions may 
be varied somewhat in accordance with 
known distillation practices. The residue 
5 fn.m the resulting distillation is thereafter 
re-cvclcd with the distillate resulting from 
the ' first distillation (the components of 
Group 1 1. e A ■ 

Th'. above described sequence of steps can 
10 be modified to prepare preferentially the 
components of Group 3. For example, the 
reaction mixture can be subjected to thm 
film vacuum distillation conditions effective 
to co-distil the components of Group 1 and 
15 Group 2. the desired components of Group 
3 thereafter being distilled from the result- 
ing residue as described above. Also, the 
present process can be modified to prepare 
compositions comprised of both Group £ 
20 and Group 3 bv selecting suitable distillation 
conditions in accordance with known distil- 
lation practice. . 

The "tailor-made" fatty materials pre- 
pared bv the present process, like naturallv 
25 occurring fattv materials, are mixtures of 
various components. The present jailor- 
made" fattv materials are comprised sub- 
stantially of the components of Group I 
and /or 'Group 3. The properties of such 
30 prepared fattv materials can be varied by 
varvinp the nature of the lower and higher 
acvl groups. For example, an "acetylated 
monoelvcerirle'* derived from lard may be 
a liquid, while an "acetylated monoglycer- 
35 Me" derived from fully hydrogenated lard 
mav be a solid. Similarly, certain butyrated 
fati mav be liquid while the corresponding 
acetvlatcd fat mav be solid. Accordingly, 
compositions having a wide range of physi- 
40 cal properties can be prepared by the present 
process. , 

Likewise, the proportions oi the various 
components within Group 2 and Group * 
c;m !>c varied to further widen the range ot 
45 physical properties obtainable bv the present 
process This can be accomplished to a 
br^ extent bv varving the molar ratio ot 
lovVr acvl radical:; to hydroxyl radicals in 

acetyl 

50 the reaction mixture fe.g. — - ratioV 

hydroxyl 

Tn the preparation of acetylated materials, 
for example, this can be accomplished by 
varying the degree of acetylation ot the 

55jrlvcerine in the premixture composition, 
or' bv varving the triacetin to glycerine 
ratio 'in the reaction mixture. In the pre- 
paration of Group 2 and Group 3 compo- 
sitions, molar ratios of lower acyl radicals 

60 to hvdroxvl radicals are 

varied from about 1/10 to about 10/1 m the 
reaction mixture. Within Group 2, to pre- 
pare compositions containing maximum 
amounts of mixed glycerol esters containing 

65 •» Iv^W ncH radical, a lower acyl radical 



and a hvdroxvl radical, molar ratios ot 
lower acvl radical* to hydroxyl radicals in 
the reaction mixture ranging from about 
1/5 to about 5/1 are preferably employed. 
Mixed glvcerol esters containing a higher 7U 
acyl radical and two lower acyl radicals can 
be prepared in porportionately high amounts 
within Group 2 compositions by varying the 
molar ratio of lower acyl radicals to 
hvdroxvl radicals in the reaction mixture ^ 
from about l/l to about 10/1. Similarly, 
mixed glycerol esters containing two higher 
acyl radicals and one lower acyl radical can 
be prepared in proportionately high amounts 
within Group 3 compositions by varying the 80 
molar ratio of lower acyl radicals to 
hydroxvl radicals in the reaction mixture 
from about 1/1 to about 10/1. 

The relative amount of higher acvlated 
triglyceride, such as a fat or an oil, is an 85 
additional variable in the present, process, 
this variable largely determining the pro- 
portion of the above described four reaction 
product Groups in the reaction mixture 
after the present reaction. The relative w 
amount of higher acvlated triglyceride in 
the reaction mixture can be expressed as the 
molar ratio of higher acyl radical to the sum 
of the lower acyl and hydroxyl radicals 

stearvl 95 

(e.g. : ratio). Although a 

. ' acetvl 4- hydroxyl 
wide range of such ratios can be employed 
to prepare Group 2 and Group 3 composi- 
tions, ratios ranging from about 1/10 tn 100 
10/1 are more generally employed in the re- 
action mixture. When the process is em- 
ployed to prepare maximum amounts ot 
Group 2 compositions, ratios ranging from 
about 1/10 to about 1/1 are preferably 10d 
emnloved. To prepare proportionately high 
amounts of Group 3 compositions, ratios off 
about 1/3 to about 10/1 are preferably 

employed. _ , _ - 

Varving vields of Group 2 and Group 3 110 
compositions can be obtained by varying the 
relative amount of higher acvlated tnglycer- 
ide in the reaction mixture as described 
above. However, complete conversion of . 
the reactants to the desired reaction product Uo 
Group is approached bv re-cycling the dis- 
tillates and distillation residues not compris- 
ing the Group being separated. As the high 
temperature basic transesterification cata- 
Ivst is not substantially destroyed or macti- l^w 
vated during the reaction, or by the success- 
ive distillations, additional amounts of cata- 
lvst need not be added to the system. Thus 
a" continuous type of reaction is facilitated 
as there is not a build-up of inactivated cata- lZi> 
lyst materials in the system. 

The present invention provides a new ana 
improved evelic process which is eminently 
suited for "the preparation of the mixed 
glvcerol ester compositions of commerce, iov 
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typical of such compositions being the 
aforementioned "acetylated monoglycer- 
ides". The present process can be readily 
utilised to prepare and separate specific 
5 "tailor-made" compositions from the diver- 
sity of reaction products resulting from the 
reaction of the components in the herein 
described reaction mixtures. 

Further, the present cyclic process can be 
10 effected without objectionable decomposition 
of the reactants to produce products sub- 
stantially free of objectionable discolor- 
ation. Likewise, the products of the present 
invention are substantially free of catalyst 
15 materials, these catalyst materials often 
times occurring as undesirable impurities in 
related products prepared in accordance 
with other processes. 
WHAT WE CLAIM IS :— 
on 1- An improvement in or modification ot 
the method claimed in Claim 1 of British 
Patent No. 745,566 comprising reacting 
together a triglyceride containing higher 
acyl radicals having at least eight carbon 
05 atoms and a hydroxyl radical-containing re- 
actant which is either a mixture of glycerine 
with a triglyceride containing lower acyl 
radicals having from two to six carbon 
atoms or a glycerol partial ester composition 
on comprising glycerine and a mixture -of 
lower acylated glycerine the lower acyl radi- 
cals having from two to six carbon atoms, 
said reaction being effected in the presence 
of a basic transesterification catalyst, sub- 
35 jecting the resulting reaction mixture to a 
first vacuum distillation effective to separate 
therefrom a first distillate containing the 
remaining portions of said hydroxyl radical- 
containing reactant, subjecting the residue 
40 from first distillation to thin film vacuum 
distillation effective to separate therefrom 
a second distillate containing a substantial 
amount of a mixed glycerol ester having at 
least one of said higher acyl radicals and at 
45 least one of said lower acyl radicals, com- 
bining the residue from said second distilla- 
tion with the first distillate and with make- 
up material comprising additional amounts 
of said triglyceride containing higher acyl 
50 radicals and said hydroxyl radical-contain- 
ing reactant. and repeating said sequential 
steps. 

2. A process as claimed in Claim 1 in 
which the first distillation is effected by thin 

55 film vacuum distillation. 

3. A process as claimed in either of 
Claims 1 or 2 in which the triglyceride con- 
taining lower acyl radicals is triacetjn. 

4. A process as claimed in cither of 
60 Claims 1 or 2 in which the glycerol partia! 

ester composition containing lower acyl 
radicals is an acetylated glycerol partial ester 
_ composition. > 

5. A process as claimed in either ot 
65 Claims 1 or 2 in which the triglyceride con- 



taining lower acyl radicals is tributyrin. 

6. A process as claimed in either of 
Claims I or 2 in which the glycerol partial 
ester composition containing lower acyl 
radicals is a butyrated glycerol partial ester 7U 
composition. 

7. A process as claimed in any one of the 
preceding claims in which the reaction is 
carried out at a temperature at least 180 C. 

8. A process as claimed in Claim 7 in 75 
which the reaction is carried out at a tem- 
perature in the range 230°C to 260°€. 

9. A process as claimed in any one of the 
preceding claims in which the basic trans- 
esterification catalyst is a bivalent alkaline 80 
earth hydroxide catalyst. 

10. A process as claimed in any one ot 
the preceding claims in which the triglycer- 
ide having higher acyl radicals is lard or 
hydrogenated lard. * 85 

11. A process as claimed in any one or 
Claims 1 to 10 in which the first distillate 
contains only the remaining portions of said 
hydroxyl radical-containing reactant and the 
mixed glycerol ester of the second distillate 90 
contains only one of said higher acyl 
radicals. . . . 

12. A process as claimed m Claim 11 in 
which the residue from the second distilla- 
tion is distilled to give a distillate containing 95 
a mixed glycerol ester having two of said 
higher acyl radicals. _ 

13. A process as claimed in any one or 
Claims I to 10 in which the first distillate 
contains in addition to said hydroxyl radical- 100 
containing reactant, a mixed glycerol ester 
containing only one of said higher ^ acyl 
radicals and the second distillate contains a 
mixed glvcerol ester containing two of said 
higher acvl radicals. . 105 

14. A process as claimed in any of Claims 
1 to 10 in which the first distillate contains 
only the remaining portions of said 
hvdroxyl radical-containing reactant and the 
second" distillate contains glycerol esters 110 
having one and two of said higher acyl 
radicals. 

15. A process as claimed m any one ot 
the preceding claims in which the molar 
ratio of the higher acyl radicals to the sum 115 
of the lower acyl radicals and hydroxyl 
radicals in the reaction mixture ranges from 
1/10 to 10/1 and the molar ratio of the 
lower acyl radicals to the hydroxyl radicals 
in the reaction mixture ranges from 1/10 to 120 

10 16. A process as claimed in Claim 15 in 
which the molar ratio of the higher acyl 
radicals to the sum of lower acyl radicals 
and hvdroxvl radicals in the reaction mix- 125 
ture ranges from 1/10 to 1/1, the molar 
ratio of lower acyl radicals to hydroxyl 
radicals in the reaction mixture ranging 

from 1/5-to 5/1. - - : - - 

17. A process as claimed in any one of IdU 



6 



808,634 



the preceding claims in which the reaction 
mixture is continuously withdrawn from a 
reaction zone, the withdrawn reaction mix- 
ture is continuously subjected to said first 
5 distillation., said first distillate is continu- 
ously re-cycled into the reaction zone, the 
second distillation residue is continuously 
re-cycled into said reaction zone and addi- 
tional amounts of said make-up material are 
10 continuously introduced into said reaction 
zone. 

18. A process as claimed in Claim 17 in 



which the make-up materials and the second 
distillate comprise substantially equal 
amounts of materials and have substantially 15 
equal proportions of higher acyl radicals, 
lower acyl radicals and hydroxyl radicals. 

19. A process for preparing mixed 
glycerol, ester compositions as particularly 
described hereinbefore. 20 

W. P. THOMPSON & CO., 
12, Church Street, Liverpool, 1, 
Chartered Patent Agents. 
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